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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Bioremediation of Textile Wastewater Using Biofilm 
 
Textile wastewater accounts 22% of the total volume of industrial wastewater 
produced in Malaysia. According to Lim et al. (2004) more than 200 textile factory 
operated in this country and contribute to a major source of wastewater .The removal 
of dyes from wastewater remains a major problem for the textile industry. While 
coloured organic compounds generally impart only a minor fraction of the organic 
load to wastewater, their colours render them aesthetically unacceptable. Most dye 
compounds are not particularly toxic but many are difficult to remove by 
conventional wastewater treatment methods (Mohd Zahari et al., 2004).  
 
Effluent discharge from textile dyestuff industries to neighbouring water 
bodies and wastewater treatment systems is currently causing significant health 
concerns to environmental regulatory agencies. It has strong colour in the form of 
persistent organics and also variety of the other pollutants including ammonia, 
organic nitrogen, nitrate, phosphate, sulphate and heavy metals such as copper, 
chromium, cadmium, zink and plumbum. Azo dyes, which account for the majority 
of synthetic dyes used in textile factories are of concern to human health as they are 
highly toxic (Villegas-Navarro et al., 2001). 
 
The presence of very small amount of dyes in water is highly visible and 
affects the aesthetic merit, water transparency and gas solubility in lakes, rivers and 
water bodies. The removal of colour from wastewaters is often more important than 
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the removal of the soluble colourless organic substances, which usually contribute 
the major fraction of the Biochemical Oxygen Demand (BOD). Methods for the 
removal of BOD from most effluent are fairly well established. However, dyes are 
more difficult to treat because of the synthetic origin and mainly complex aromatic 
molecular structures. Such structures are often constructed to resist fading on 
exposure to sweat, soap, water, light or oxidizing agents and this renders them more 
stable and less amenable to biodegradation (Mohd Zahari et al., 2004). 
 
Microbial consortium in the form of biofilm has the ability to decolourise and 
metabolise dyes since there are intrinsic cellular mechanisms that will bring about 
the degradation or biosorption of dyestuffs (Watnick and Kolter, 2000). Besides 
decolourisation, microorganisms also have evolved various measures to respond to 
heavy metal stress via several processes such as transport across the cell membrane, 
biosorption to the cell walls and entrapment in extracellular capsules, precipitation, 
complexation and oxidation-reduction reactions in textile industry wastewater (Malik 
et al., 2004). 
 
Normally, biofilm usually composed of a mixed microbial population of cells 
growing on surface surrounded by exopolysaccharides (EPS). The EPS secreted by 
various types of bacterial strains serve mainly to protect the bacteria against 
desiccation and predation, as well as to assist in adhesion to surfaces of support 
matrices. These EPS are involved in irreversible adhesion of bacteria to those 
surfaces especially with the formation of bacterial colonies (Watnick and Kolter, 
2000). 
 
 
1.2 Objectives of Research and Thesis Outline 
 
The aims of this study are to characterize the bacterial forming biofilm and 
use them to bioremediate the contaminants in textile wastewater, especially colour 
and heavy metals. In order to achieve these objectives, several methods were 
explored to obtain the most suitable condition for complete bioremediation of textile 
wastewater by testing several parameters. Therefore, this study is conducted with the 
specific objectives: 
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• To isolate, characterize, screen and identify the potential exogenous 
bacterial forming biofilm that capable in removing colour and heavy 
metals from textile industry wastewater. 
• To optimize and evaluate the kinetics of filter sterilized textile wastewater 
(FSTW) decolourisation using exogenous biofilm.  
• To improve water quality of the real wastewater using acclimatized 
exogenous biofilm. 
 
Thus, every chapter in further described in detail how these objectives were 
achieved. Firstly, Chapter 2 focused on Literature Review which encompassed basic 
knowledge to carry out this study. The isolation, characterisation, screening and 
identification of potential bacteria for decolourisation of filter sterilized textile 
wastewater (FSTW) and heavy metals removal were discussed in detail in Chapter 3. 
This followed with Chapter 4 that focused in the optimisation of decolourisation 
activity by exogenous biofilm. The kinetics of microbial decolourisation process was 
also looked into. Then, Chapter 5 discussed on the application of bacteria for 
bioremediation processes using real textile wastewater. Finally, Chapter 6 presents 
the major conclusion obtained from this study. Suggestion was also included for 
future work in order to improve weaknesses of the present study. This research was 
carried out in the laboratory as summarized in Figure 1.  
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Figure 1:  Research Outline 
 
 
 
 
 
    
      Water Quality measurement 
        in the field:  
•  pH 
•  Conductivity 
• Turbidity 
• Dissolve Oxygen (DO) 
• Temperature 
• Salinity 
      
 
 
    Laboratory Test on Textile Wastewater Quality: 
• BOD5 
• Chemical Oxygen Demand (COD) 
• Total Suspended Solid (TSS) 
• Heavy metals 
- Copper (Cu) 
- Chromium (Cr) 
•  Nitrate, Phosphate, Sulphate and  
   Colour concentration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sampling of wastewater and biofilm 
formed in textile factory treatment pond 
(Tampoi). 
• Screening for microbial colour removal using 
other source of textile wastewater and 
reactive dye   
   - Using filter sterilized textile wastewater (FSTW) 
   - Using 100 ppm SF Red 3BS in CDM 
 
• Screening for microbial heavy metal    
    tolerance (Cu
2+
 and Cr 
3+
) in simulated    
    wastewater 
-  Monitoring tolerance level 
-  Microscopic analysis of biofilm formation  
   versus time 
-  Microscopic and EDX-analysis on heavy metals 
    bioaccumulation  
 
Characterisation and identification of selected potential decolouriser 
• 16 S rRNA gene sequence analysis 
 
Growth of microorganisms on support matrices and optimization of colour 
removal using shake flasks method 
• Effect of pH  
• Effect of inoculum size          
• Effect of temperature  
• Effect of agitation 
• Effect of dye concentration  
• Effect of nutrient requirement; – a kinetic study on colour removal from fstw: 
i.  Effect of Nitrogen (N) concentration in decolourisation 
ii. Effect of Carbon (C) concentration in decolourisation 
iii.  Effect of C/N ratio towards decolourisation 
 
Application of biofilm for treatment of textile wastewater. Parameters analyze 
for Textile Wastewater Quality referred to DOE recommendation:  - (BOD5, 
COD, TSS, NO3
-
, SO4
2-
, PO4
3- 
 and colour ) 
Characterisation of biofilm physiology: 
• Viable count– defining the dominancy of 
bacteria found in wastewater and removed 
biofilm using selective medium 
(Chemically Defined Medium, CDM)  
• Gram-stain reaction test 
•
Textile wastewater sampling 
from textile factory 
treatment pond (Batu Pahat). 
Filtered (FSTW) 
Non-Filtered (NFSTW) 
